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A B S T R A C T
Objective: To compare the mean transvaginal ultrasound (TVU) cervical length (CL) at midtrimester
screening for spontaneous preterm birth in asymptomatic monochorionic diamniotic versus dichorionic
diamniotic twin pregnancies
Study design: This was a multicenter retrospective cohort study. Study subjects were identiﬁed at the time
of a routine second trimester fetal ultrasound exam at 18 0/7–23 6/7 weeks gestation. We excluded
women that received progesterone, pessary, or cerclage. Distribution of CL was determined and
normality was examined. Mean of TVU CL were compared between monochorionic diamniotic and
dichorionic diamniotic pregnancies. The relationship of TVU CL with gestational age (GA) at delivery and
incidence of spontaneous preterm birth (SPTB) at different TVU CL cut offs were assessed. Incidence of
short TVU CL, deﬁned as TVU CL 30 mm, was also calculated in the two groups.
Results: 580 women with diamniotic twin pregnancies underwent TVU CL screening between 18 0/6 and
23 6/7 weeks.175 (30.2%) were monochorionic diamniotic pregnancies, and 405 (69.8%) were dichorionic
pregnancies. The demographic characteristics were similar on both groups. The mean GA at TVU CL was
about 20 week in both groups. The mean TVU CL was signiﬁcantly lower in the monochorionic diamniotic
(32.8  10.1) compared to the dichorionic (34.9  8.6) group (MD 2.10 mm, 95% CI 3.91 to 0.29). TVU
CL 30 mm was 16.6% (29/175) in the monochorionic group, and 11.9% (48/405) in the dichorionic group
(aOR 1.48, 95% CI 1.03–2.43). Twins with a monochorionic diamniotic pregnancy had a signiﬁcantly
higher incidence of SPTB (53.1% vs 44.9%; aOR 1.22, 95% CI 1.22–1.79). For any given CL measured between
18 0–7 and 23 6/7 weeks, gestational age at delivery for monochorionic diamniotic pregnancies was
about 2 weeks earlier compared to dichorionic pregnancies (MD -2.1 weeks; ANCOVA P < 0.001).
Conclusion: Monochorionic diamniotic twin pregnancies had a higher rate of spontaneous preterm birth
than dichorionic diamniotic pregnancies. The higher rate of spontaneous preterm delivery in
monochorionic pregnancies is associated with lower midtrimester TVU CL when compared to
dichorionic pregnancies.
© 2018 Elsevier B.V. All rights reserved.
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Preterm birth (PTB) is a leading cause of perinatal morbidity and
mortality [1]. Over the last few years, cervical assessment has
moved from digital examination to ultrasound evaluation, and
ultrasound of the cervix has been the focus of much research [2–6].* Corresponding author.
E-mail address: gabriele.saccone.1990@gmail.com (G. Saccone).
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0301-2115/© 2018 Elsevier B.V. All rights reserved.Transvaginal ultrasound (TVU) cervical length (CL) has been
assessed in several populations (e.g. women with and without
symptoms of preterm labor or premature rupture of membranes)
to evaluate the risk of spontaneous PTB (SPTB) [7], in women
before induction of labor to predict induction outcome [8], and at
term to predict the onset of spontaneous labor with moderate
degree of accuracy [9]. A short TVU CL has been shown to be a good
predictor of SPTB in both singletons and twins [4]; and has been
shown to be more accurate than digital examination and fetal
ﬁbronectin in the prediction of SPTB [4,10].
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PTB (either maternal or fetal indications) [1]. For example, the
overall rate of PTB at < 37, <34 and <32 weeks in twin pregnancies
has been shown to be 56%, 17% and 9%, compared with about 9.8%,
2% and 1% in singleton pregnancies, respectively [1].
Over the past decades the incidence of twin pregnancies in the
USA has increased, reaching a new high for the nation of 33.7 per
1000 total births in the 2015 [1]. Monochorionic pregnancies
comprises 20–33% of all twin gestations they have inherently
different complication rates when compared with dichorionic
pregnancy, including higher risk of fetal demise, congenital
anomalies, intrauterine growth restriction, twin anemia polycy-
themia sequence, twin-twin transfusion syndrome, and higher risk
of spontaneous preterm birth [11,12]. However, data regarding TVU
CL in twin pregnancies stratiﬁed by chorionicity, and speciﬁcally
studies assessing whether the risk of spontaneous PTB in
monochorionic compared to dichorionic twins can be predicted
by a difference in TVU CL, are limited [13].
Objective
The aim of this study was to compare the TVU CL at
midtrimester in screening for SPTB in asymptomatic twins in




This was a multicenter retrospective cohort study. Data on all
consecutive asymptomatic twin pregnancies who underwent TVU
CL screening at University of Naples Federico II (Naples, Italy), at
Division of Maternal Fetal Medicine Thomas Jefferson University
Hospital (Philadelphia, PA), and at Division of Maternal Fetal
Medicine University of Pennsylvania (Philadelphia, PA) at the time
of routine second trimester fetal ultrasound exam at 18 0/7–23 6/7
weeks from January 2014 to January 2017 were included in a
dedicated database
Monoamniotic twins, twin pregnancies with twin-twin trans-
fusion syndrome, use of vaginal progesterone, pessary or cerclage
in place, as well as major fetal malformations or genetic anomalies
at the time of the TVU CL were excluded. Fetal demise or selective
reduction of any of the twins before delivery were also excluded
from the analysis. Therefore the analyzed cohort included all
consecutive asymptomatic twin pregnancies with normal, viable
twins at the time of delivery who underwent midtrimester TVU CL
screening. Women were divided in two groups according to
chorionicity: monochorionic and dichorionic. To avoid selection
bias all consecutive twin pregnancies who received TVU CL
screening were included and analyzed.
Potential study subjects were identiﬁed at the time of a routine
second trimester fetal ultrasound exam at 18 0/7–23 6/7 weeks
gestation. Only TVU screening was employed for cervical
screening; and only one TVU CL measurement was performed.
Physicians and sonographers who performed TVU CL screening
were certiﬁed through the Fetal Medicine Foundation (FMF) or
through CLEAR. Brieﬂy, the measurement of CL was performed in
the sagittal plane, visualizing the full length of the cervical canal
from the internal os to the external cervical os. At least 3
measurements were obtained and the shortest was recorded
[14,15]. Chorionicity was assessed using the lambda sign in the ﬁrst
trimester and conﬁrmed with placental analysis at the time of
delivery [11]. Women that received pessary, cerclage, or proges-
terone were excluded [16]. According to our protocol, delivery was
planned at 37 0/7–38 6/7 weeks for dichorionic twins, and at 36 0/7–37 6/7 weeks for monochorionic twins [17,18]. Indication for
delivery was recorded.
Outcomes
The primary outcome was the mean of TVU CL stratiﬁed by
chorionicity. Distribution of CL, normality, and incidence of short
cervix in several cutoffs (30, 25, 15, 10, and 5 mm) in both
group were calculated. Receiver-operating characteristics (ROC)
curve was used to assess the CL value predictive for SPTB < 32
weeks. Sensitivity, speciﬁcity, positive and negative likelihood
ratio (LR + and LR-, respectively) were calculated for the each cutoff
point (30, 25, 15, 10, and 5 mm). We also assessed the relationship
of TVU CL with gestational age at delivery between monochorionic
diamniotic and dichorionic pregnancy.
Secondary outcomes were gestational age at delivery, incidence
of PTB and of SPTB < 37, <34, <32 and <28 weeks, and indication
for delivery.
Data on pregnancy outcomes were obtained from hospital
maternity records. In case of PTB, records were examined to
determine whether the delivery was medically indicated or
spontaneous PTB. SPTB included either spontaneous onset of
preterm labor or PPROM.
Data analysis
Data are shown as means  standard deviation (SD), or as
number (percentage). Univariate comparisons of dichotomous
data were performed with the use of the chi-square or Fisher exact
test. Comparisons between groups were performed with the use of
the Mann—Whitney U test, to test group medians; and with the use
of the T-test to test group means with SD. Outcomes were
estimated with multivariate analyses.
Logistic regression, presented as unadjusted odds ratio (crude
OR) or adjusted odds ratio (aOR) or as mean difference (MD) with
the 95% of conﬁdence interval (CI), was performed. Adjusted
analysis was performed to correct data for relevant baseline
characteristics. All potentially relevant baseline characteristics
were added to the model as covariates. Relevant baseline
characteristics included: age, body mass index (BMI), parity,
history of SPTB, and smoking. This analysis was performed to show
robustness of our results [19].
Distribution of cervical length was determined and normality
was examined by the Kolmogorov-Smirnov test. We also planned
to assess the incidence of TVU CL 30 mm in subgroup analysis in
women with and without prior SPTB.
ROC curve to assess the CL value predictive for SPTB < 32
weeks was plotted for both monochorionic diamniotic and
dichorionic pregnancies. The area under the curve (AUC) was
computed to evaluate the overall performance of the diagnostic
test accuracy in prediction of SPTB < 32 weeks [9,20]. The AUC of a
ROC curve is a measure of the overall performance of a diagnostic
test in accurately differentiating those cases with and those
without the condition of interest [9,20]. Difference between the
AUC of the ROC curve for the monochorionic diamniotic twins and
the AUC of the ROC curve for the dichorionic twins were
calculated by using the DeLong nonparametric test [20]. The
DeLong test assessed the standard error of the AUC and the
difference between the two AUCs [20].
The correlation between CL and gestational age at delivery in
monochorionic diamniotic pregnancies and dichorionic pregnan-
cies was assessed with the use of the Spearman’s correlation
coefﬁcient. Comparison of coefﬁcients was done by using the
Fisher’s Z-transformation. ANCOVA analysis of covariance was
used to plot the general linear model for the relationship between
CL and gestational age at delivery and the MD in weeks between
Fig.1. Distribution of transvaginal cervical length between 18 0–7 and 23 6/7 weeks
in diamniotic twins pregnancies. Yellow boxes show monochorionic diamniotic
pregnancies and blue boxes show dichorionic pregnancies. TVU CL, transvaginal
ultrasound cervical.
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sided p-values. A p-value <0.05 was considered to indicated
statistical signiﬁcance. Statistical analysis was performed using
Statistical Package for Social Sciences (SPSS) v. 19.0 (IBM Inc.,
Armonk, NY, USA).
Results
Characteristics of the study population
Overall, 580 women with twin pregnancies, who met the
inclusion criteria and underwent TVU CL screening at our
institutions were analyzed. 175 (30.2%) were monochorionic
diamniotic pregnancies, and 405 (69.8%) were dichorionic
pregnancies. The maternal demographics were not signiﬁcantly
different between monochorionic vs. dichorionic (Table 1). Fifteen
women in the monochorionic diamniotic group (8.6%) and 33
women in the dichorionic group (8.1%) had history of SPTB. None of
the included women received progesterone, pessary, or cerclage.
Cervical length measurement
The mean gestational age at TVU CL was performed at about 20
week in both groups. The mean TVU CL was signiﬁcantly lower in
the monochorionic diamniotic (32.8  10.1) compared to the
dichorionic (34.9  8.6) group (MD 2.10 mm, 95% CI 3.91 to
-0.29). Fig. 1 shows the distribution of CL in both groups. In
monochorionic diamniotic and in dichorionic pregnancies, the 5th
percentile were 10.5 mm and 20.7 mm, respectively; and the 95th
percentile were 45.0 mm and 50.0 mm, respectively (Fig. 2).
The incidence of short cervix, deﬁned as TVU CL 30 mm, was
16.6% (29/175) in the monochorionic group, and 11.9% (48/405) in
the dichorionic group (aOR 1.48, 95% CI 1.03–2.43) (Table 2).
In women without prior SPTB, the incidence of TVU CL 30 mm
was 14.4% (26/160) in the monochorionic group, and 10.8% (40/
372) in the dichorionic group (aOR 1.39, 95% CI 0.80–2.42). In
women with prior SPTB, the incidence of TVU CL 30 mm was
40.0% (6/15) in the monochorionic group, and 24.2% (8/33) in the
dichorionic group (aOR 2.08, 95% CI 0.57–7.68).
On ROC curve analysis, TVU CL for the prediction of PTB < 32
weeks showed an area under the curve of 0.71 (95% CI 0.59–0.85) in
the monochorionic diamniotic pregnancy, and of 0.67 (95% 0.55 to
0.79) in the dichorionic diamniotic pregnancy (Fig. 3). TVU CL in
monochorionic diamniotic twin pregnancies had a better value
compared to TVU CL in dichorionic pregnancies in prediction of
PTB < 32 weeks (DeLong test: difference between areas 0.049,
standard error 0.0577, 95% CI 0.031 to 0.063, p = 0.003). Sensitivity,
speciﬁcity, LR + and LR-, for each TVU CL cutoffs are shown in
Table 3 for monochorionic diamniotic twins, and in Table 4 for
dichorionic twins.Table 1
Characteristics of the included women.
Monochorionic
N = 175 (30.2%)
Dichorionic













26.5  5.5 26.1  7.0 0.46
Nulliparity
n (%)
111 (63.4%) 254 (62.7%) 0.87
Prior SPTB
n (%)
15 (8.6%) 33 (8.1%) 0.87
Smoking
n (%)
22 (12.6%) 51 (12.6%) 0.98
SD, standard deviation; SPTB, spontaneous preterm birth; BMI, Body mass index.Relationship between cervical length and gestational age at delivery
Fig. 3 shows the relationship between TVU CL and gestational
age at delivery. For any given CL measured between 18 0–7 and 23
6/7 weeks, gestational age at delivery for monochorionic was
earlier by about 2 weeks on average compared with dichorionic
pregnancies (MD -2.1 weeks; ANCOVA P < 0.001). For TVU CL
measurement assessed between 18 0/7 and 23 6/7 weeks, the
correlation with gestational age at delivery in monochorionic twin
gestations was relatively constant [Spearman’s correlation coefﬁ-
cient 0.57 (0.42–0.66)] and was statistically stronger (Fisher’s Z-
transformation P = 0.02) than in dichorionic pregnancies [Spear-
man’s correlation coefﬁcient 0.33 (0.27–0.52)].
Pregnancy outcome
The gestational age at delivery was signiﬁcantly earlier in the
monochorionic diamniotic group compared to the dichorionic
group by about 2 week (MD 2.20 weeks, 95% CI 2.75 to 1.65).
Monochorionic pregnancies had a signiﬁcantly higher incidence of
PTB < 37, <34 and <32 weeks. The results did not change when
medically indicated births were excluded. Indeed, the incidence of
SPTB < 37 and <34 weeks were signiﬁcantly higher in the
monochorionic group compared to the dichorionic group, while
the rate of SPTB < 32 weeks was not statistically signiﬁcant
different after adjusting for confounders. Notably, the monochor-
ionic group had a higher incidence of delivery due to spontaneous
onset of labor (61.7% vs 48.1%; aOR 1.74, 95% CI 1.21–2.49) (Table 5).
Discussion
Main ﬁndings
This study showed that monochorionic diamniotic pregnancies
had a higher rate of SPTB compared to dichorionic diamniotic
pregnancies. This higher rate of SPTB was reﬂected by a lower
mean midtrimester TVU CL, by higher incidence of short TVU CL,
and by earlier gestational age at birth per any given CL in
monochorionic diamniotic compared to dichorionic pregnancies.
Fig. 2. Receiver-operating characteristics curve showing predictive ability of cervical length for spontaneous preterm birth <32 weeks in monochorionic diamniotic
pregnancy (A), and in dichorionic diamniotic pregnancy (B).
Table 2
Cervical length measurement of the monochorionic diamniotic and dichorionic twin groups.
Monochorionic
N = 175 (30.2%)
Dichorionic
N = 405 (69.8%)
aOR or MD (95% CI)a
GA at TVU CL assessment (weeks)
Mean  SD
20.9  7.4 20.6  8.8 0.30 week (1.09 to 1.69)
TVU CL (mm)
Mean  SD
32.5  10.1 34.9  7.7 2.40 mm (4.07 to 0.73)
>30 mm 146 (83.4%) 357 (88.1%) 0.68 (0.41–1.12)
30 mm 29 (16.6%) 48 (11.9%) 1.48 (1.03–2.43)
25 mm 26 (14.9%) 35 (8.6%) 1.84 (1.07–3.17)
20 mm 18 (10.3%) 19 (4.7%) 2.33 (1.19–4.56)
15 mm 11 (6.3%) 12 (3.0%) 2.31 (1.03–5.67)
10 mm 8 (4.6%) 8 (2.0%) 2.38 (0.88–6.44)
5 mm 7 (4.0%) 4 (1.0%) 4.18 (1.21–14.46)
G9 A: Gestational age; TVU CL: Transvaginal ultrasound cervical length; SD, standard deviation; CI, conﬁdence interval; MD, mean difference; aOR, adjusted odds ratio.
Boldface data, statistically signiﬁcant.
a Adjusted for all variables reported in Table 1.
Fig. 3. Relationship between cervical length between 18 0–7 and 23 6/7 weeks and gestational age at delivery in monochorionic and dichorionic twin groups. The relationship
is presented for asymptomatic twins with monochorionic pregnancies (red line) and dichorionic pregnancies (blue line). X-axis, cervical length (in mm); Y-axis, gestational
age at delivery (in weeks).Mean difference -2.1 weeks; ANCOVA analysis of covariance P < 0.001.
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gestational age at delivery for monochorionic diamniotic was
earlier by about 2 weeks compared with dichorionic pregnancies.
Twins with a monochorionic diamniotic pregnancy had a higher
rate of delivery at any GA due to spontaneous onset of labor
compared to dichorionic pregnancies.Strengths and limitations
This study has several strengths. CL measurements were
performed transvaginally by certiﬁed operators. This is a retro-
spective study of a prospectively collected data in a dedicated
database. To our knowledge, there are no similar studies in the
Table 3
Sensitivity and speciﬁcity for each cervical length measurement with 95% conﬁdence interval in prediction of spontaneous preterm birth <32 weeks in monochorionic
diamniotic twin pregnancies.
CL Sensitivity (95% CI) Speciﬁcity (95% CI) LR+ LR-
30 mm 70% (56–79) 79% (71–80) 3.2 (2.4–3.7) 0.4 (0.3–0.6)
25 mm 59% (48–66) 89% (87–91) 6.0 (4.7–7.7) 0.5 (0.4–0.6)
15 mm 42% (39–61) 97% (95–97) 7.0 (1.8–8.7) 0.5 (0.3–0.7)
10 mm 29% (19–39) 98% (97–99) 8.1 (3.2–9.5) 0.6 (0.5–0.8)
5 mm 13% (7–29) 99% (98–100) 12.0 (10.5–17.4) 0.9 (0.6–0.9)
CL, cervical length; CI, conﬁdence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio.
Table 4
Sensitivity and speciﬁcity for each cervical length measurement with 95% conﬁdence interval in prediction of spontaneous preterm birth <32 weeks in dichorionic twin
pregnancies.
CL Sensitivity (95% CI) Speciﬁcity (95% CI) LR+ LR-
30 mm 67% (62–76) 77% (73–80) 3.1 (2.5–3.5) 0.4 (0.3–0.5)
25 mm 57% (51–65) 88% (87–90) 5.7 (0.49–7.1) 0.5 (0.4–0.6)
15 mm 40% (39–47) 97% (95–97) 3.0 (2.3–4.7) 0.6 (0.3–0.7)
10 mm 29% (23–33) 98% (97–99) 7.5 (4.2–8.3) 0.6 (0.5–0.8)
5 mm 12% (10–24) 99% (98–100) 12.0 (10.5– 0.9 (0.6–0.9)
CL, cervical length; CI, conﬁdence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio.
Table 5
Pregnancy outcomes of the monochorionic and dichorionic twin groups.
Monochorionic
N = 175 (30.2%)
Dichorionic
N = 405 (69.8%)
Crude OR (95% CI) aOR or MD (95% CI)a
GA at delivery (weeks)
Mean  SD
34.0  3.2 36.2  2.9 – 2.20 weeks (2.75 to 1.65)
PTB < 37 weeks
n (%)
100 (57.1%) 202 (49.9%) 1.34 (1.20–1.88) 1.21 (1.05–1.97)
PTB <34 weeks
n (%)
61 (34.9%) 93 (23.0%) 1.85 (1.20–2.77) 1.80 (1.22–2.65)
PTB < 32 weeks
n (%)
23 (13.1%) 40 (9.9%) 1.37 (1.19–2.03) 1.38 (1.08–2.93)
PTB <28 weeks
n (%)
9 (5.1%) 16 (4.0%) 1.32 (0.57–3.04) 1.55 (0.91–4.12)
SPTB < 37 weeks
n (%)
93 (53.1%) 182 (44.9%) 1.22 (1.22–1.79) 1.39 (1.13–1.90)
SPTB <34 weeks
n (%)
52 (29.7%) 81 (20.0%) 1.90 (1.12–2.99) 1.69 (1.13–2.54)
SPTB < 32 weeks
n (%)
20 (11.4%) 32 (7.9%) 1.40 (1.03–3.11) 1.50 (0.83–2.71)
SPTB <28 weeks
n (%)
8 (4.6%) 12 (3.0%) 1.57 (0.63–3.91 1.67 (0.70–5.03)
Indication for delivery n (%)
-Maternal indication 30 (17.1%) 65 (16.1%) 1.08 (0.67–1.74) 1.05 (0.55–1.70)
-Fetal indication 22 (12.6%) 20 (4.9%) 2.77 (1.47–5.22) 2.49 (1.34–5.63)
-Combined maternal and fetal 4 (2.3%) 4 (1.0%) 3.24 (0.66–8.41) 2.35 (0.58–9.49)
-Planned at term 11 (6.3%) 121 (29.9%) 0.16 (0.08–0.30) 0.30 (0.11–0.73)
-Spontaneous onset of labor 108 (61.7%) 195 (48.1%) 1.35 (1.21–1.98) 1.74 (1.21–2.49)
GA: Gestational age; SD, standard deviation; PTB, preterm birth; SPTB, spontaneous preterm birth; OR, odds ratio; aOR, adjusted odds ratio; CI, conﬁdence interval; MD, mean
difference. Boldface data, statistically signiﬁcant.
a Adjusted for all variables reported in Table 1.
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twins. We excluded women who received cervical cerclage,
pessary or vaginal progesterone to avoid further confounders in
the incidence of SPTB.
The most important shortcoming of this study was the
retrospective nonrandomized approach. The CL was assessed only
once between 18 0–7 and 23 6/7 weeks. Therefore, comparing the
rate of cervical shortening during gestation was not feasible.
Discussion
Different strategies have been evaluated for prediction and
prevention of SPTB [21–40], Mid-trimester TVU CL has been shownto be a good predictor of SPTB in asymptomatic women with twin
pregnancies [21,22]. A meta-analysis of 21 studies, including 3523
women, showed that among asymptomatic women with twin
pregnancies a CL 20 mm at 20–24 weeks was the most accurate in
predicting SPTB < 32 and <34 weeks with a pooled sensitivities,
speciﬁcities, and positive and negative likelihood ratios of 39% and
29%, 96% and 97%, 10.1 and 9.0, and 0.64 and 0.74, respectively [22].
Sperling et al. in a prospective multicenter study of 383 twin
pregnancies showed that CL measurement at 23 weeks was a good
screening test for predicting twins at low risk of preterm and very
preterm delivery [23]. They also found that the incidence of SPTB
was higher in the monochorionic compared to the dichorionic
twins. Our study showed that the higher rate of SPTB among
62 A. Roman et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 229 (2018) 57–63monochorionic twins could be reﬂected and predicted by the
higher rate of short cervix. Notably, several treatments for SPTB
have been shown to have different effects in monochorionic
compared to dichorionic pregnancies [24]. These ﬁndings could
support the theory that the pathogenesis for SPTB was different in
monochorionic and in dichorionic twins. Cervical pessary, for
example, in one large trial have been shown to be effective in
monochorionic but not in dichorionic twins [24]. Our study also
showed that women with twin pregnancies can have different
baseline risk of SPTB based on the midtrimester TVU CL. A prior
large retrospective study, showed that IVF-conceived twin
pregnancies had an increased risk of SPTB compared to those
who conceived spontaneously and that this risk was predicted by
lower midtrimester TVU CL.
Our study also showed that the correlation between short TVU CL
andearliergestational age atdeliverywasstronger inmonochorionic
compared to the dichorionic twins, and that any given TVU CL was
associated with lower gestational age of about 2 week in the
monochorionic diamniotic compared to the dichorionic twins.
Future studies should differentiate TVU CL and perinatal outcomes
between monochorionic and dichorionic pregnancies. This infor-
mation would be useful in counseling women regarding their risk of
SPTB as well as improving the design of future studies evaluating
therapies in the prevention of preterm delivery in twin pregnancies.
The biological plausibility to explain our ﬁndings is not completely
clear. However, some unknown factors may be more likely to trigger
subclinical or overt uterine contractions in monochorionic com-
pared to dichorionic twins, which would increase the risk of PTB in
the presence of a given CL. In a prior study, our group also showed
that IVF-conceived twin pregnancies had a signiﬁcantly lower mean
TVU CL compared to spontaneously-conceived twin pregnancies
[25]. These ﬁndings may lead to the hypothesis that different subset
of women have different baseline risk of SPTB according to the mean
midtrimester TVU CL.
In our cohort, we excluded women who received progesterone,
pessary, or cerclage. Indeed, prevention of SPTB in women with
twin pregnancies is still a subject of debate. Progesterone is
routinely used to prevent SPTB in singletons [32,41,42], but is not
currently recommended for twins [43]. A recent meta-analysis of
randomized trials showed that use of Arabin pessary in twin
pregnancies with short TVU CL at 16–24 weeks does not prevent
SPTB or improve perinatal outcome [31]. Finally, data on cervical
cerclage are controversial. While it seems to be beneﬁcial based on
small retrospective studies [44,45], level-1 data showed an
increased risk of perinatal complications in women with twin
gestations receiving cerclage [16].
Conclusion
In summary, our study showed that the higher rate of SPTB in
monochorionic diamniotic compared with dichorionic pregnan-
cies is predicted by a lower midtrimester TVU CL, as well as by the
earlier gestational age at birth per any given cervical length.
Disclosure
The authors report no conﬂict of interest
Financial support
No ﬁnancial support was received for this study
References
[1] Hamilton B.E., Martin JA, Osterman MJ. Births: preliminary data for 2015. Natl
Vital Stat Rep 2016;(65):1–15.[2] Orzechowski KM, Boeling RC, Baxter JK, Berghella V. A universal transvaginal
cervical length screening program for preterm birth prevention. Obstet
Gynecol 2014;124:520–5.
[3] Navathe R, Saccone G, Villani M, Knapp J, Cruz Y, Boelig R, et al. Decrease in the
incidence of threatened preterm labor after implementation of transvaginal
ultrasound cervical length universal screening. J Matern Fetal Neonatal Med
2018;5(January)1–6, doi:http://dx.doi.org/10.1080/14767058.2017.1421166
[Epub ahead of print].
[4] Berghella V, Palacio M, Ness A, Alﬁrevic Z, Nicolaides KH, Saccone G. Cervical
length screening for prevention of preterm birth in singleton pregnancy with
threatened preterm labor: systematic review and meta-analysis of random-
ized controlled trials using individual patient-level data. Ultrasound Obstet
Gynecol 2017;49(March (3))322–9, doi:http://dx.doi.org/10.1002/uog.17388
Epub 2017 Feb 8. Review.
[5] Pereira S, Frick AP, Poon LC, Zamprakou A, Nicolaides KH. Sucessful induction
of labor: prediction by preinduction cervical length, angle of progression and
cervical elastography. Ultrasound Obstet Gynecol 2014;44:468–75.
[6] Suhag A, Reina J, Sanapo L, Martinelli P, Saccone G, Simonazzi G, et al. Prior
ultrasound-indicated cerclage: comparison of cervical length screening or
history-indicated cerclage in the next pregnancy. Obstet Gynecol
2015;126:962–8.
[7] Owen J, Yost N, Berghella V, Thom E, Swain M, Dildy [157_TD$DIFF][148_TD
$DIFF]3rd GA, et al. National Institute of Child Health and Human
Development, maternal-fetal medicine units network. Mid-trimester endo-
vaginal sonography in women at high risk for spontaneous preterm birth.
JAMA 2001;286:1340–8.
[8] Verhoeven CJ, Opmeer BC, Oei SG, Latour V, van der Post JA, Mol BW.
Transvaginal sonographic assessment of cervical length and wedging for
predicting outcome of labor induction at term: a systematic review and meta-
analysis. Ultrasound Obstet Gynecol 2013;42:500–8.
[9] Saccone G, Simonetti B, Berghella V. Transvaginal ultrasound cervical length
for prediction of spontaneous labour at term: a systematic review and meta-
analysis. BJOG 2016;123:16–22.
[10] Berghella V, Saccone G. Fetal ﬁbronectin testing for prevention of preterm
birth in singleton pregnancies with threatened preterm labor: a systematic
review and metaanalysis of randomized controlled trials. Am J Obstet Gynecol
2016;215(October (4)):431–8.
[11] Maruotti GM, Saccone G, Morlando M, Martinelli P. First-trimester ultrasound
determination of chorionicity in twin gestations using the lambda sign: a
systematic review and meta-analysis. Eur J Obstet Gynecol Reprod Biol
2016;202:66–70.
[12] The MONOMONO study. Ultrasound Obstet Gynecol 2018 (in press).
[13] Pagani G, Stagnati V, Fichera A, Prefumo F. Cervical length at mid-gestation in
screening for preterm birth in twin pregnancy. Ultrasound Obstet Gynecol
2016;48:56–60.
[14] Society for Maternal-Fetal Medicine (SMFM). The role of routine cervical
length screening in selected high- and low-risk women for preterm birth
prevention. Am J Obstet Gynecol 2016;215:B2–7.
[15] Berghella V, Berghella M. Cervical length assessment by ultrasound. Acta
Obstet Gynecol Scand 2005;84(June (6)):543–4.
[16] Saccone G, Rust O, Althuisius S, Roman A, Berghella V. Cerclage for short cervix
in twin pregnancies: systematic review and meta-analysis of randomized
trials using individual patient-level data. Acta Obstet Gynecol Scand 2015;94
(April (4))352–8, doi:http://dx.doi.org/10.1111/aogs.12600 Epub 2015 Mar 1..
[17] Cheong-See F, Schuit E, Arroyoo-Manzano D, et al. Prospective risk of stillbirth
and neonatal complications in twin pregnancies: systematic review and meta-
analysis. BMJ 2016;354: i4353.
[18] Saccone G, Berghella V. Planned delivery at 37 weeks in twins: a systematic
review and meta-analysis of randomized controlled trials. J Matern Fetal
Neonatal Med 2016;29(March (5)):685–9, doi:http://dx.doi.org/10.3109/
14767058.2015.1016423.
[19] Smith AH, Bates MN. Conﬁdence limit analyses should replace power
calculation in the interpretation of epidemiologic studies. Epidemiology
1992;3:449–52.
[20] McNamee R. Regression modelling and other methods to control confounding.
Occup Environ Med 2005;62:500–6.
[21] Saccone G, Ciardulli A, Xodo S, Dugoff L, Ludmir J, D’Antonio F, et al. Cervical
pessary for preventing preterm birth in twin pregnancies with short cervical
length: a systematic review and meta-analysis. J Matern Fetal Neonatal Med
2017;30(December (24)):2918–25.
[22] Conde-Agudelo A, Romero R, Hassan SS, Yeo L. Transvaginal sonographic
cervical length for the prediction of spontaneous preterm birth in twin
pregnancies: a systematic review and metaanalysis. Am J Obstet Gynecol
2010;203(August (2)) 128.e1-12.
[23] Sperling L, Kiil C, Larsen LU, et al. How to identify twins at low risk of
spontaneous preterm delivery. Ultrasound Obstet Gynecol 2005;26:138–44.
[24] Tajik P, Monfrance M, Van Hooft J, et al. A multivariable model to guide the
decision for pessary placement to prevent preterm birth in women with a
multiple pregnancy: a secondary analysis of the ProTWIN trial. Ultrasound
Obstet Gynecol 2016;48:48–55.
[25] Saccone G, Zullo F, Roman A, Ward A, Maruotti G, Martinelli P, et al. Risk of
spontaneous preterm birth in IVF-conceived twin pregnancies. J Matern Fetal
Neonatal Med 2017;21(September)1–8, doi:http://dx.doi.org/10.1080/
14767058.2017.1378339 [Epub ahead of print].
[26] Saccone G, Maruotti GM, Giudicepietro A, Martinelli P, Italian Preterm Birth
Prevention (IPP) Working Group. Effect of cervical pessary on spontaneous
A. Roman et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 229 (2018) 57–63 63preterm birth in women with singleton pregnancies and short cervical length:
a randomized clinical trial. JAMA 2017;9318(December (23)):2317–24, doi:
http://dx.doi.org/10.1001/jama.2017.18956.
[27] Sentilhes L, Sénat MV, Ancel PY, Azria E, Benoist G, Blanc J, et al. Prevention of
spontaneous preterm birth: guidelines for clinical practice from the French
College of Gynaecologists and Obstetricians (CNGOF). Eur J Obstet Gynecol
Reprod Biol 2017;210(March):217–22.
[28] Saccone G, Berghella V. Omega-3 long chain polyunsaturated fatty acids to
prevent preterm birth: a systematic review and meta-analysis. Obstet Gynecol
2015;125(March (3)):663–72, doi:http://dx.doi.org/10.1097/
AOG.0000000000000668.
[29] Saccone G, Berghella V. Folic acid supplementation in pregnancy to prevent
preterm birth: a systematic review and meta-analysis of randomized
controlled trials. Eur J Obstet Gynecol Reprod Biol 2016;199(April)76–81,
doi:http://dx.doi.org/10.1016/j.ejogrb.2016.01.042 Epub 2016 Feb 8. Review.
[30] Magro Malosso ER, Saccone G, Simonetti B, Squillante M, Berghella V. US
trends in abortion and preterm birth. J Matern Fetal Neonatal Med 2017;6(July)
1–5, doi:http://dx.doi.org/10.1080/14767058.2017.1344963 [Epub ahead of
print].
[31] Saccone G, Ciardulli A, Xodo S, Dugoff L, Ludmir J, D’Antonio F, et al. Cervical
pessary for preventing preterm birth in twin pregnancies with short cervical
length: a systematic review and meta-analysis. J Matern Fetal Neonatal Med
2017;30(December (24))2918–25, doi:http://dx.doi.org/10.1080/
14767058.2016.1268595 Epub 2017 Jan 12..
[32] Suhag A, Saccone G, Berghella V. Vaginal progesterone for maintenance
tocolysis: a systematic review and metaanalysis of randomized trials. Am J
Obstet Gynecol 2015;213(October (4)):479–87, doi:http://dx.doi.org/10.1016/j.
ajog.2015.03.0.
[33] Ehsanipoor RM, Seligman NS, Saccone G, Szymanski LM, Wissinger C, Werner
EF, et al. Physical examination-indicated cerclage: a systematic review and
meta-analysis. Obstet Gynecol 2015;126(July (1))125–35, doi:http://dx.doi.
org/10.1097/AOG.0000000000000850 Review.
[34] Saccone G, Berghella V. Omega-3 supplementation to prevent recurrent
preterm birth: a systematic review and metaanalysis of randomized controlled
trials. Am J Obstet Gynecol 2015;213(August (2))135–40, doi:http://dx.doi.org/
10.1016/j.ajog.2015.03.013 Epub 2015 Mar 7. Review.
[35] Saccone G, Berghella V, Maruotti GM, Sarno L, Martinelli P. Omega-3
supplementation during pregnancy to prevent recurrent intrauterine growth
restriction: systematic review and meta-analysis of randomized controlled
trials. Ultrasound Obstet Gynecol 2015;46(December (2))659–64, doi:http://
dx.doi.org/10.1002/uog.14910 Epub 2015 Nov 4. Review.
[36] Saccone G, Saccone I, Berghella V. Omega-3 long-chain polyunsaturated fatty
acids and ﬁsh oil supplementation during pregnancy: which evidence? JMatern Fetal Neonatal Med 2016;29(15)2389–97, doi:http://dx.doi.org/
10.3109/14767058.2015.1086742 Epub 2015 Sep 18. Review..
[37] Saccone G, Berghella V, Sarno L, Maruotti GM, Cetin I, Greco L, et al. Celiac
disease and obstetric complications: a systematic review and metaanalysis.
Am J Obstet Gynecol 2016;214(February (2))225–34, doi:http://dx.doi.org/
10.1016/j.ajog.2015.09.080 Epub 2015 Oct 9. Review..
[38] Eke AC, Saccone G, Berghella V. Selective serotonin reuptake inhibitor (SSRI)
use during pregnancy and risk of preterm birth: a systematic review and meta-
analysis. BJOG 2016;123(November (12))1900–7, doi:http://dx.doi.org/
10.1111/1471-0528.14144 Epub 2016 May 30. Review.
[39] Saccone G, Berghella V, Maruotti GM, Ghi T, Rizzo G, Simonazzi G, et al.
Antiphospholipid antibody proﬁle based obstetric outcomes of primary
antiphospholipid syndrome: the PREGNANTS study. Am J Obstet Gynecol
2017;216(May (5))525.e1–525.e12, doi:http://dx.doi.org/10.1016/j.
ajog.2017.01.026 Epub 2017 Jan 30.
[40] Saccone G, Khalifeh A, Elimian A, Bahrami E, Chaman-Ara K, Bahrami MA, et al.
Vaginal progesterone vs intramuscular 17α-hydroxyprogesterone caproate for
prevention of recurrent spontaneous preterm birth in singleton gestations:
systematic review and meta-analysis of randomized controlled trials.
Ultrasound Obstet Gynecol 2017;49(March (3))315–21, doi:http://dx.doi.org/
10.1002/uog.17245 Epub 2017 Feb 6. Review.
[41] Saccone G, Suhag A, Berghella V. 17-alpha-hydroxyprogesterone caproate for
maintenance tocolysis: a systematic review and metaanalysis of randomized
trials. Am J Obstet Gynecol 2015;213(July (1)):16–22, doi:http://dx.doi.org/
10.1016/j.ajog.2015.01.054.
[42] Quist-Nelson J, Parker P, Mokhtari N, Di Sarno R, Saccone G, Berghella V.
Progestogens in singleton gestations with preterm prelabor rupture of
membranes: a systematic review and metaanalysis of randomized controlled
trials. Am J Obstet Gynecol 2018(March), doi:http://dx.doi.org/10.1016/j.
ajog.2018.03.027 pii: S0002-9378(18)30242-4. [Epub ahead of print].
[43] Society for Maternal-Fetal Medicine Publications Committee, with assistance
of Vincenzo Berghella. Progesterone and preterm birth prevention: translating
clinical trials data into clinical practice. Am J Obstet Gynecol 2012;206(May
(5)):376–86, doi:http://dx.doi.org/10.1016/j.ajog.2012.03.010.
[44] Roman A, Rochelson B, Fox NS, Hoffman M, Berghella V, Patel V, et al. Efﬁcacy of
ultrasound-indicated cerclage in twin pregnancies. Am J Obstet Gynecol
2015;212(June (6)), doi:http://dx.doi.org/10.1016/j.ajog.2015.01.031 788.e1-6.
[45] Roman A, Rochelson B, Martinelli P, Saccone G, Harris K, Zork N, et al. Cerclage
in twin pregnancy with dilated cervix between 16 to 24 weeks of gestation:
retrospective cohort study. Am J Obstet Gynecol 2016;215(July (1)), doi:http://
dx.doi.org/10.1016/j.ajog.2016.01.172 98.e1-98.e11.
